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(57) Abstract: A method for manufacturing a semiconductor structure, having a substrate and a gate region thereon, is described that 
1^ includes removing an anti-reflective coating (ARC) layer over the gate region to improve salicidation of the gate. An an ti -reflective 
^ coating is formed over the gate region and then a dielectric layer is formed over the anti-reflective coating layer and the substrate. 
^ Dielectric spacers are then formed on the substrate, adjacent the gate region and the anti-reflective coating layer, by etching the 

dielectric layer using a first process that includes selectively removing portions of the dielectric layer on the anti-reflective coating. 
Q Utilizing a second, different etching process, the an ti -reflective coating over the gate region is selectively removed while preserving 
^ the spacers adjacent the gate region. Use of the present invention helps to minimize the dielectric spacer loss along side the gate 
^ region during removal of the buried anti -reflective coating, thereby providing a protection to the gate edge during the salicidation. 
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AN IMPROVED METHOD FOR BURIED ANTI-REFLECTIVE COATING 

REMOVA L 



Field of the Invention 

The present invention is generally directed to semiconductor structures using 
anti-reflective coatings to aid in the photolithography process as well as semiconductor 
structures utilizing spacers adjacent the gate regions for forming source and drain 
regions. 



Background of the Invention 

Tremendous advances in semiconductor technology have permitted dramatic 
increases in circuit density and complexity with equally dramatic decreases in power 
consumption and package sizes. Single-chip microprocessors with millions of 

15 transistors, operating at speeds of hundreds of MIPS (millions of instructions per 

second), are packaged in relatively small, air-cooled semiconductor device packages. 
Many of the integrated circuits formed on semiconductor substrates are comprised of 
several circuit functions now all integrated on the single chip. For example, nonvolatile 
memory (NVM) devices, such as DRAMs (dynamic random access memory), are 

2 0 composed of an array of memory cells for. storing digital information. The peripheral 
circuits on these devices are typically composed of logic circuits for addressing the 
memory cells, while other peripheral circuits function as read/write buffers and sense 
amplifiers. Commercially, the drive for increased portability and continuous use, while 
reducing size and weight, of electronic hand held devices has put more pressure on chip 

2 5 manufacturers to find ways to handle these requirements while reducing the chip size. 

The combination of decreasing geometries in chips and the increase in the use of 
highly reflective materials, such as polysilicon, aluminum and metal silicides has lead to 
increased photolithographic patterning problems. Unwanted reflections from these 
underlying reflective materials during the photoresist patterning process often cause the 

3 0 resulting photoresist patterns to be distorted. Further, in order to fabricate high 
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performance MOS transistors it is necessary to control gate electrode linewidths. 
Improved control of the gate electrode linewidth allows the formation of smaller 
channel lengths and increases the performance of MOS transistors. Poor photoresist 
patterning can lead to varying linewidths and to varying gate-lengths, which ultimately 
5 lead to variations in the channel length. Consequently, variation of the channel length 
will alter the electrical characteristics of the MOS device which are supposed to be 
carefully controlled. 

One current technique for improving gate electrode linewidth control in 
manufacture of MOS transistors involves the use of amorphous silicon deposition. 

1 0 Amorphous silicon deposition eliminates the replication of underlying isolation 
topography in the polysilicon surface. However, amorphous silicon deposition has 
problems with deposition defects and is also more difficult to folly dope. 

Another technique for improving linewidth control involves the use of anti- 
reflective layers as part of the photolithographic process. The use of anti-reflective 

1 5 layers reduces the effects of both the surface roughness caused by the grain structure of 
polysilicon and the resist thickness variation due to the underlying effects caused by the 
rough surface and the topographical features of the polysilicon layer. The addition of an 
anti-reflective layer also helps to planarize the isolation topography and reduce the 
variation of the photoresist thickness over the substrate. The benefits of using anti- 

2 0 reflective coatings (ARC) can be lost if the coatings can not be totally and easily 

removed prior to silicide formation (contact formation), since the use of ARCs already 
require special processing equipment and can add additional steps a manufacturing 
process. 

Where a buried anti-reflective coating (BARC) on a gate region is used in 
2 5 manufacturing a semiconductor device, it is necessary to remove all of the BARC prior 
to proper salicidation of the gate. Incomplete BARC removal causes poor silicide 
formation on the top of the gate. Oxide spacers may also be included as part of the 
device's structure, the formation of which tend to complicate the BARC removal 
process. Removal of the BARC film during spacer etching has led to narrow spacer 
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profiles and excessive isolation oxide loss. Overetching of the oxide spacer layer has 
been attempted to solve the problem of incomplete BARC removal, but this has led to 
degradation of the device's structure and performance. 

Therefore, there is a need to provide a method for effectively and selectively 
5 removing the entire anti-reflective coating on a device prior to silicide formation 
without substantially disrupting the adjacent insulative structures or the underlying 
amorphous silicon layer. Further, there is a need for a method of removing the ARC 
layer that can be easily integrated into the process flow of conventional manufacturing 
techniques for semiconductor devices. 

10 

Summary of the Invention 

In the present invention a two step etching process is used to remove 
substantially all of an anti-reflective coating from a gate region while minimizing the 
dielectric spacer loss along side the gate. Minimizing spacer oxide loss along side the 

15 gate, in turn, provides protection to the gate edge during the silicidation which prevents 
notching at the top of the gate. 

An example embodiment of the present invention is directed to a method for 
manufacturing a semiconductor structure, having a substrate and a gate region thereon, 
which includes removing an anti-reflective coating (ARC) layer over the gate region to 

2 0 improve silicidation of the gate. An anti-reflective coating is first formed over the gate 
region. A dielectric layer is formed over the anti-reflective coating layer, the gate region 
and the substrate. Dielectric spacers are then formed on the substrate, adjacent the gate 
region and the anti-reflective coating layer, by etching the dielectric layer using a first 
process that includes selectively removing portions of the dielectric layer on the anti- 

2 5 reflective coating. Utilizing a second, different etching process, the anti-reflective 
coating over the gate region is selectively removed while preserving the spacers 
adjacent the gate region. 

Another example embodiment of the present invention is directed to a method 
for manufacturing a semiconductor structure, having a substrate and a gate region 
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thereon, which includes the removal of an anti-reflective coating (ARC) layer over the 
gate region to improve silicidation of the gate. The method includes providing an buried 
anti-reflective coating over the gate region and providing an oxide layer over the buried 
anti-reflective coating layer, the gate region and the substrate. Oxide spacers are formed 
5 on the substrate, adjacent the gate region and the anti-reflective coating layer, by using a 
first process to substantially simultaneously etch the oxide layer to form the spacers and 
to remove the oxide on the anti-reflective coating. Next, an endpoint is utilized to 
terminate the first process once the oxide over the anti-reflective coating is removed. A 
second, different etching process, is then used that selectively removes the anti- 
1 0 reflective coating over the gate region while preserving the oxide spacers adjacent the 
gate region; the spacers and gate region therein forming an aperture for receiving a 
silicide. 

Another example embodiment of the present invention is directed to a method 
for manufacturing a semiconductor structure, having a substrate and a gate region 

1 5 thereon, that includes removing an anti-reflective coating (ARC) layer over the gate 
region to improve silicidation of the gate. The method includes providing a silicon 
oxynitride coating over an amorphous silicon gate region and providing a silicon 
dioxide layer over the silicon oxynitride coating layer, the gate region and the substrate. 
Oxide spacers are then formed on the substrate, adjacent the gate region and the silicon 

20 oxynitride coating layer, by using a first process* to substantially simultaneously etch the 
silicon dioxide layer and to remove the silicon dioxide that is disposed on the silicon 
oxynitride coating. An endpoint is utilized to terminate the first process once the silicon 
dioxide is removed and a second, different etching process, is utilized thereafter that 
selectively removes the silicon oxynitride coating over the gate region while preserving 

2 5 the silicon dioxide spacers adjacent the gate region. 

The above summary of the present invention is not intended to describe each 
possible embodiment or every implementation of the present invention. The figures, 
and the detailed description that follows, more particularly exemplify these 
embodiments. 
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Brief Description of the Drawings 

The invention may be more completely understood upon consideration of the 
following detailed description of various embodiments of the invention in connection 
5 with the accompanying drawings, in which: : 

FIGS. 1 A illustrates the first step of an example embodiment for making a 
semiconductor structure wherein the oxide layer is etched to form oxide spacers. 

FIGS. IB illustrates the example embodiment semiconductor structure after the 
first etching step according to the teachings of the present invention. 
10 FIGS. 1C illustrates another step of an example embodiment for making a 

semiconductor structure wherein the ARC is etched from the gate region. 

FIGS. ID illustrates the example embodiment for making a semiconductor 
structure after another etching step according to the teachings of the present invention. 

While the invention is amenable to various modifications and alternative forms, 
1 5 specifics thereof have been shown by way of example in the drawings and will be 

described in detail. It should be understood, however, that the intention is not to limit 
the invention to the particular embodiments described. On the contrary, the intention is 
to cover all modifications, equivalents, and alternatives falling within the spirit and 
scope of the invention as defined by the appended claims. 

20 

Detailed Description 

The present invention is believed to be applicable to a variety of MOS devices 
and semiconductor structures that utilize spacers as part of their structure or in their 
2 5 manufacturing process. The teachings of the present invention are believed to be 

applicable in the area of anti-reflective coating removal procedures prior to salicidation 
of a semiconductor device. A two step etching process is used to substantially remove 
all of an anti-reflective coating from a gate region while minimizing the dielectric 
spacer loss along side the gate. Minimizing spacer oxide loss along side the gate, in 
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turn, provides protection to the gate edge during the silicidation which prevents 
notching at the top of the gate. While the present invention is not necessarily so limited, 
an appreciation of various aspects of the invention is best gained through a discussion of 
various example semiconductor structures described below. 
5 In an example embodiment, a method for manufacturing a semiconductor 

structure having a substrate and a gate region thereon is disclosed that involves the 
removal of an anti-reflective coating (ARC) layer over the gate region to improve 
silicidation of the gate. The method includes providing an anti-reflective coating over 
the gate region and providing a dielectric layer over the anti-reflective coating layer, the 

1 0 gate region and the substrate. Dielectric spacers are then formed on the substrate, 

adjacent the gate region and the anti-reflective coating layer, by etching the dielectric 
layer using a first process that includes selectively removing portions of the dielectric 
layer on the anti-reflective coating. Utilizing a second, different etching process, the 
anti-reflective coating over the gate region is selectively removed while preserving the 

1 5 spacers adjacent the gate region. 

Referring now to Figures 1 A- ID, Figure 1A shows a semiconductor structure 
having a substrate 10 with a gate region 12 disposed thereon. The gate region is made 
of amorphous silicon (ASi), but could be made of other compatible semiconductor 
materials used in the formation of gate regions. On the upper surface of gate region 12 

2 0 is disposed a layer of buried anti-reflective coating (BARC) 14, which in this example 
embodiment is silicon oxynitride (SiON). A dielectric layer 16 is then disposed on the 
entire structure, which can be an oxide type material such as silicon dioxide (Si0 2 ). 
The semiconductor structure is then subjected to a first etching process step, as shown 
by arrows 18, wherein portions of dielectric layer 16 are primarily etched off. The first 

2 5 process step of a dielectric (oxide) spacer etch process will remove the BARC over the 
amorphous silicon and should utilize a common oxide etch chemistry such as CF4 or a 
mix of CHF 3 /CF 4 and possibly an inert gas such as argon or helium. This step should 
remove all of the oxide being selective to silicon and may involve using an endpoint to 
terminate the etch process step once the oxide is removed. Figure IB illustrates the 
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semiconductor structure after the first etching process; this figure also illustrates 
formation of oxide spacers 16A and 16B adjacent gate region 12 and that bound BARC 
layer 14 

Referring now to Figure 1C, the semiconductor structure is then subjected to the 
5 second etching process, as illustrated by arrows 20, that utilizes either a CF 4 or CHF 3 
with an oxygen additive to provide selectivity to the oxide material relative to the SiON 
(BARC) layer 14. The etching process can be performed in either a 4520 or 4520XL 
using similar chamber configurations and chemistry. This method will maintain the 
dielectric spacer profile (16A, 16B) and minimize isolation oxide loss while ensuring 

10 complete BARC removal. Figure ID illustrates the semiconductor structure resulting 
from the second etching process and illustrates that oxide spacers 16A and 16B have 
remained substantially intact adjacent gate region 12. Spacers 16A and 16B, along with 
gate region 12 now form an aperture 22 for receiving silicide during the silicidation 
(contact formation) process. 

15 In this example embodiment, oxide loss is minimized in the two-step spacer etch 

process where the first step is a traditional oxide etch and the second step is highly 
selective to oxide while etching the BARC over the ASi gates. Complete BARC 
removal is imperative for good silicide formation on the amorphous silicon gate region. „ 
Without selectivity to the oxide material in the BARC removal process (second etch 

2 0 process) spacers 16A andl6B widths become too small and the result is gate to 

source/drain leakage. In addition, notching may occur along side the amorphous silicon 
gate where spacer etching is excessive and has exposed this edge. Leaving oxide on the 
gate top edge (provided by spacers 16A and 16B - see Figure ID) assures uniform 
silicide formation on top of the gate. 

25 As noted above, the present invention is applicable to a number of different 

semiconductor structures and processes. Accordingly, the present invention should not 
be considered limited to the particular examples described above, but rather should be 
understood to cover all aspects of the invention as fairly set out in the attached claims. 
Various modifications, equivalent structures, as well as numerous structures to which 
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the present invention may be applicable will be readily apparent to those of skill in the 
art upon review of the present specification. The claims are intended to cover such 
modifications and devices. 
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What is claimed is: 

1 L A method for manufacturing a semiconductor structure having a substrate and a 

2 gate region thereon, comprising: 

3 providing an anti-reflective coating over the gate region; 

4 providing a dielectric layer over the anti-reflective coating layer and the 

5 substrate; 

6 forming dielectric spacers on the substrate, adjacent the gate region and the anti- 

7 reflective coating layer, by etching the dielectric layer using a first process that includes 

8 selectively removing portions of the dielectric layer on the anti-reflective coating ; and 

9 utilizing a second, different etching process, that selectively removes the anti- 

1 0 reflective coating over the gate region while preserving the spacers adjacent the gate 

1 1 region. 

1 2. The method according to claim 1 , wherein the gate region is made of amorphous 

2 silicon (ASi); and wherein the dielectric layer is formed from silicon dioxide (Si0 2 ). 

1 3. The method according to claim 1 , further providing an etch chemistry for the 

2 first process of CF 4 and an inert gas selected from at least one of argon and helium. 

1 4. The method according to claim 1, further providing an etch chemistry for the 

2 first process of CHF 3 /CF 4 and an inert gas selected from at least one of argon and 

3 helium. 

5. The method according to claim 1, further providing an etch chemistry for the 

5 second process of an oxygen additive and at least one of CF 4 and CHF 3 . 

1 6. The method according to claim 1, wherein the dielectric spacers are oxide 

2 spacers on the substrate, adjacent the gate region and the anti-reflective coating layer, 

3 and the first process is used to substantially concurrently etch the dielectric layer to 
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4 form the spacers and to remove the dielectric on the anti-reflective coating layer; and 

5 further including utilizing an endpoint to terminate the first process once the oxide over 

6 the anti-reflective coating is removed. 

1 7. The method according to claim 6, wherein the gate region is made of amorphous 

2 silicon (ASi), and the second, different etching process, that selectively removes the 

3 anti-reflective coating over the gate region while preserving the oxide spacers adjacent 

4 the gate region, the spacers and gate region forming an aperture therein for receiving a 

5 silicide. 

1 8. The method according to claim 6, wherein the oxide layer is made of silicon 

2 dioxide (Si0 2 ) and the second, different etching process, that selectively removes the 

3 anti-reflective coating over the gate region while preserving the oxide spacers adjacent 

4 the gate region, the spacers and gate region forming an aperture therein for receiving a 

5 silicide. 

1 9. The method according to claim 6, wherein the anti-reflective coating is made of 

2 silicon oxynitride (SiON) and the second, different etching process, that selectively 

3 removes the anti-reflective coating over the gate region while preserving the oxide 

4 spacers adjacent the gate region, the spacers and gate region forming an aperture therein 

5 for receiving a silicide. 

1 10. The method according to claim 6, further providing an etch chemistry for the 

2 first process selected from one of CF 4 and CHF 3 /CF 4 , and further including an inert gas 

3 selected from one of argon and helium. 

1 11. The method according to claim 1 0, further providing an etch chemistry for the 

2 second process selected from one of CHF 3 and CF 4 , and further including an oxygen 

3 additive. 
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(57) Abstract: A method for manufacturing a semiconductor structure, having a substrate and a gate region thereon, is described that 
includes removing an anti-re fleciive coating (ARC) layer over the gate region to improve salicidation of the gale. An anti-reflective 
coaling is formed over the gate region and then a dielectric layer is formed over the ant i -reflective coating layer and the substrate. 
Dielectric spacers are then formed on the substrate, adjacent the gate region and the anti-reflective coaling layer, by etching the 
dielectric layer using a first process that includes selectively removing portions of the dieleciric layer on the anti-reflective coating. 
Utilizing a second, different etching process, the anti-reflective coating over the gate region is selectively removed while preserving 
the spacers adjacent the gate region. Use of the present invention helps to minimize the dielectric spacer loss along side the gate 
region during removal of the buried anti-reflective coating, thereby providing a protection to the gate edge during the salicidation. 
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